Nl I(C1 12),N€I(C€I,)3NH,] are normal cellular constituents essential for cell growth and differentiation [ 1-31. Their concentrations vary with the cell cycle, and in response to external stimuli such as growth factors and hormones. Induction of polyamine biosynthesis from 1.-ornithine is one of the first events in cell proliferation. Intracellular polyamine concentrations are controlled by a tightly regulated synthetic pathway and also by a series of catabolic reactions.
Polyamine transport
Many cell types [ 431, including vascular endothelial cells [6, 7] . possess an uptake system for polyamines that is distinct from those for the amino acids and which, in certain circumstances, can substitute for synthesis de novo. In some cells, polyamines are taken up by both saturable and non-saturable systems. Uptake by saturable systems is energyrequiring, temperature-dependent and carriermediated and operates against a substantial concentration gradient [ 8.91. In many cells, putrescine and, often, spermidine transport is Na + -sensitive (the term Na+-sensitive is preferable to the more frequently used Na+ -dependent, as removal of extracellular Na+ reduces, but often does not abolish, uptake). In contrast, spermine transport in most cells is not . Treatment of cultures of rat hepatoma (IITC) cells for 3-6 h with puromycin (200 pg/ml) or cycloheximide (0.2 mM) in the presence of 50pM spermidine resulted in sustained uptake of exogenous spermidine to intracellular levels 1.5-3-fold greater than in control cells [ 171. These findings have been interpreted as suggesting that one factor in the regulation of polyamine uptake may be the rapid, reversible inactivation of a polyamine carrier by a short-lived protein, synthesis of which is stimulated by a rise in intracellular polyamine levels. The apparent contradiction between these two sets of results may be a consequence of the differences in time of exposure and concentration of the inhibitors. It could be argued that the major effect of short exposure times would be to deplete the cell of proteins which turn over rapidly. Prolonged exposure would result also in the depletion of proteins with longer half-lives. Thus these data could be interpreted as indicating that polyamine transport is regulated by both a rapidly degraded protein inhibitor, which responds to a rise in intracellular polyamine levels, and a longer-lived protein, or proteins, which may be the polyamine carrier(s).
Precursors for polyamine biosynthesis
The precursor for polyamine biosynthesis in mammalian cells is ornithine, and the commonly accepted source of this amino acid is the plasma. even when lacking a complete urea cycle 1201. In these cells, the ornithine required for polyamine synthesis may be derived from arginine. Evidence of links between arginine and polyamines comes from a number of sources. Growth of an arginasedeficient CHO cell variant was reduced when cultured in a medium lacking ornithine. or polyamines. or both [2 11. Diminished epidermal tumourigenesis was observed in mice maintained on an argininefree diet and this reduction correlated with a 40% reduction in epidermal ornithine and arginine levels 1221. Putrescine levels in the livers of argininestarved rats decreased by 50% within 8days and were restored to control values upon refeeding [23] . Culture of porcine aortic endothelial cells in arginine-free medium resulted in a marked and rapid depletion in intracellular arginine to 50% of control values [24] . This reduction in arginine pool size was accompanied by a significant increase in putrescine 171 and spermidine transport; spermine uptake was not increased under these conditions (D. M. I,.
Morgan, unpublished work). Supplementation of the arginine-free medium with 0.1 mM ornithine reduced, but did not abolish, the increase in putre-
scine or spermidine uptake. Kemoval of either leucine. glutamine or lysine from the culture medium also increased putrescine uptake but the effects were less than those resulting from arginine deprivation and could not be reversed by ornithine 
Polyamines and NO
Exposure to HCG or 1,PS was found t o increase ornithine decarboxylase (ODC) activity in macrophages [48] . Hoth of these immunoadjuvants, and muramyldipeptide, induced increases in 0I)C activity and protein synthesis in the macrophage cell lines, PUS-1.8 and 5774. ODC activity increased -2 h after adjuvant stimulation, reached a peak at 4 h and had returned to control levels by -8 h. The increase in protein synthesis, which also was maximal at 4 h was, however, sustained for at least 24 h [49] . Thus the increase in ODC activity preceded nitrite release, which was temporally related to the increase in protein synthesis. Cells of the murine monocyte-leukemic cell line RAW 264 constitutively secrete putrescine into the culture medium at a significant rate. Secretion was increased by > 50% following addition of 1,PS (1 pg/ml. 25 h), and intracellular putrescine increased .?-fold [ 501. Orni- thine (1 mM) produced a similar increase in putrescine export without a concomitant rise in intracellular levels; LPS and ornithine in combination resulted in a further increase in putrescine secretion, and also elevated intracellular putrescine 5-fold. Spermine and spermidine levels, both intracellular and extracellular, were unaffected. I P S treatment also increased ODC activity in these cells; activity reached a peak at 4h. had decreased by SO% below the maximum at 6 h but was still 4-fold greater than control levels at X h. 1,PS treatment also stimulated nitrite release, and this was not enhanced by the concomitant addition of ornithine. Interferon-y ( 10 i.u./ml), another macrophage activator, was about equipotent in stimulating nitrite release but, when combined with LPS, synergistically increased nitrite release 3-fold more than was achieved by either compound alone. Recently it has been reported that spermine (1OpM-1 mM) inhibited nitrite production by LPStreated J774 cells, but only in the presence of foetal calf serum [ 541. This raises the possibility that the active agent is not the polyamine but the mono-or dialdehyde product resulting from oxidation of spermine by bovine serum amine oxidase [ 2,SS I. Arginine can be a precursor for both polyamine and NO synthesis. The data reviewed here suggest that clinical manipulation of one of these arginine-requiring pathways may have unforeseen effects on the other.
